Abstract: This paper is focused on the preparation and characterization ofglutathione (GSH) coated near infrared quantum dots (QDs
INTRODUCTION
Quantum dots (QDs) are nanometer-sized crystals made of metallic or mostly of semiconductor materials. QDs nano-particles generally fall within 2-10 nm size range [1, 2] and possess tunable optical and electrical properties [3] . QDs were found as an alternative to organic dyes and fluorescent proteins and thus they can be used for various biosensing purposes. QDs are brighter and more stable against photobleaching than standard fluorescent indicators. Therefore the range of their applications is very wide, mainly in medicinal and pharmaceutical industries as can be seen on Fig. 1 [4] .
There are several possibilities of QDs using for biolabeling and cellular imaging both in vitro and in vivo. The scientists developed hybrid functionalized QDs-liposome nanoparticles and found they were efficiently uptaken by living cells in the absence of cell death and can therefore be used as fluorescent probes for ex vivo cell-labeling studies with most types of water-soluble QD without further modification [5] . Moreover, these QDs exhibited enhanced penetration and retention into the tumor interstitium both in vitro (tumor spheroids) and in vivo (subcutaneous solid tumors). Kerman et al. studied an application of QD-Iabeled biomolecules in a sandwich-type immunoassay for detection of total prostate-specific antigen (TPSA), which is an important cancer marker, on a screen-printed carbon electrode using fluorescence imaging [6] . QDs can be applied in molecule tracking in immunochemistry, where they replace the fluorescent beads used for study of dynamics of neurotransmitter receptors. Due to their much smaller size (about 10-20 nm) compared to latex beads (approx. 500 nm), the lateral movement of individual receptor can be studied in great detail [7] . Another example of QDs application is in genetic disease screening and diagnostics, where, in combination with stagescanning confocal microscopy, they provide the imaging of QDs chromatic free aberrations, with resolution better than 10 nm [8, 9] . Infrared QDs were also found to be useful probes for non-invasive detection in vivo, mainly inside small animals, where they can substitute conventional organic fluorophores emitting in the IR, which suffer from poor stability and quantum yield [10] [11] [12] .
QUANTUM DOTS PREPARATION
QDs can be prepared by formation of nanosized semiconductor particles through colloidal chemistry or by epitaxial growth and/or nanoscale patterning, i.e. employing lithography-based technology. QDs preparation designed for biological applications has four basic steps: core synthesis, shell growth, aqueous solubilization and biomolecular conjugation.
QDs cores are composed of semiconductors of group II-IV (CdSe, CdS, CdTe), group IV-VI (PbS, PbSe, PbTe, SnTe) and group III-V (InP). The most common method for preparation of QDs core consist in rapid injection of semiconductor precursors into hot and vigorously stirred specific coordinating solvent (like trioctylphosphine oxide (TOPO) or trioctylphosphine (TOP)). Coordinating solvents stabilize the bulk semiconductors and prevent aggregation as the QDs grow [13] . The semiconductor core material must be protected from degradation and oxidation to optimize QDs performance. Shell growth and surface modification enhance stability and increase photoluminescence of the core [14] . The inorganic core-shell semiconductor nanoparticles are soluble in nonpolar solvents only. To be used in biological applications, QDs need to be soluble in aqueous solutions and require surface modifications to achieve biocompatibility.
Therefore numerous effective methods have been developed for creating of hydrophilic QDs, which can be divided into two main categories [15, 16] . The first route is commonly designated as "cap exchange". The hydrophobic layer of organic solvent can be replaced with bifunctional molecules containing a soft acidic group (usually a thiol, e.g. sodium thiolycolate) and hydrophilic groups (for example carboxylic or aminic groups) which point outwards from the QDs surfaces to bulk water molecules [17] [18] [19] . In fact substitution of monothiols by polythiols or phosphines usually improves stability. The second route is native surface modification, for example adding a silica shell to the nanoparticles by using a silica precursor during the polycondensation [20] . Amorphous silica shells can be further functionalized with other molecules or polymers. The method of QDs encapsulation into solid lipid nanoparticles, which are composed of high biocompatible lipids of physical and chemical longterm stability, was also successfully tested [21] . These lipid nanoparticles are more convenient than small molecules (e.g. mercaptopropionic acid) traditionally used for QDs surface modification, which are rather unstable since they can be easily degraded by hydrolysis or oxidation of the capping ligand. To make water-soluble QDs, Zhang et al. employed tricopolymer coating with the oil in water ultrasonic emulsification method, and demonstrated the binding assays based on QD-antibody bioconjugates [22] . Ultrasonication will accelerate evaporation of the organic solution (in this case dichloromethane), which will shorten the preparation time.
EXPERIMENTAL

Preparation ofCdSeTe/CdS QDs
The preparation process is based on the procedure reported in [12] . CdSeTe/CdS QDs were synthesized by mixing 25 mg CdO and 200mg stearic acid at 300 DC. After CdO dissolving, the mixture was cooled to the room temperature. Then 2 g tri-octylphosphine oxide (Tapa) and 2 g hexadecylamine (HDA) was added and the mixture was heated at 300 DC. Then 0.25 ml Se-Te stock solution was quickly injected under continuous stirring and the solution was cooled to 200 DC. This step aimed at the formation of CdS shell. Finally, the 0.25 ml Cd-S stock solution was added, which resulted in CdS shell creation around CdSeTe core. After addition of 20 ml chloroform, the QDs were precipitated by methanol and separated by centrifugation and stored in 20 ml tetrahydrofuran (THF).
Preparation of Se-Te stock solution: 24 mg Se and 13 mg Te was dissolving in 1 ml tri-butylphosphine at room temperature.
Preparation of Cd-S stock solution: 40 mg S was added to TOP and heated at 100
DC.
After sulfur dissolving, the sulfur-TOP solution was cooled at laboratory temperature. A mixture of 160 mg CdO GSH-coated QDs show blue fluorescence in fluorescence microscopy. The prepared GSH-coated QDs emit in the near infrared region (NIR). This fluorescence probes are suitable for in vivo imaging. The QDs emission spectrum showed quite symmetric and narrow shape with a spectral width (the full width at half maximum) of 80 nm (Fig. 3) . The absorption spectrum of the GSH-coated CdSeTe/CdS QDs is broad (maximum at 452 nm). Out of this reason, the QDs can be excited by radiation with wide range of wavelengths. The obtained data agrees with results published in [12] . 
Preparation ofglutathione-coated CdSeTe/CdS QDs
Glutathione (GHS) aqueous solution (100 mg/ml, 0.2 ml) was mixed with (0.5 ml) QDs in THF, the mixture was heated to 60°C. The precipitate of QDs was separated by centrifugation. 1 ml water was slowly poured to the QDs precipitate and then 5 mg potassium z-butoxide was added which influences water solubilization of QDs. The mixture was sonicated for 5 min and filtered. GHS-coated QDs were stored in phosphate buffered saline (PBS) in the fridge.
Characterization ofQDs
GHS-coated QDs were characterized on ThermoSpectronic AMINCO BOWMAN series-2 luminescence spectrometer and UV-VIS spectrophotometer Helios n, Fluorescence spectrum was measured at excitation of 480 nm. GHS-coated QDs were also observed using fluorescence microscopy Axioskop 40 (ZEISS) with DAPI filter.
At first the fluorescence hydrophobic CdSeTe/CdS QDs with core-shell structure were synthesized. Then the surface of hydrophobic CdSeTe/CdS QDs was modified with glutathione to solubilize them in water and stabilize them in aqueous solution. Glutathione is a tripeptide (y-L-glutamyl-L-cysteinylglycine) that exists in most organs and the compound is not harmful. Besides the thiol group served as capping agent, each GSH molecule also contains one amine and two carboxylate groups. These functional groups provide the possibility of being coupled and further crosslinked to form a polymerized structure [23] . Fig.2 shows schematic illustration of surface coating CdSeTe/CdS QDs with GSH. After adding aqueous solution of GSH to the CdSeTe/CdS QDs in THF, the ligand exchange is performed at 60°C. Then the deprotonation of carboxy I groups of GSH with potassium z-butoxide (KaBul) continue and the arised GSH-coated QDs are dissolved easily in water. and 2 g stearic acid was heated at 300°C. After CdO dissolving, the Cd-stearic acid solution was cooled to 80°C. Sulfur-TOP solution was added to the Cdstearic acid solution under stiring. 
RESULT AND DISCUSSION
CONCLUSION
In this paper we presented a method for the preparation GSH-coated NIR QDs (CdSeTe/CdS) with core-shell structure. We modified the surface of hydrophobic CdSeTe/CdS QDs with GSH to solubilize them in water and stabilize them in aqueous solution. The GSH-coated QDs have carboxyl and amino groups at the surface, thus a number of bioconjugate techniques can be used for functionalization of QDs.
QDs were found useful due to their sensing capability for various particular applications, in fields such as optoelectronics and medicine. The main reasons for medical purposes are following: excitation wavelength far from the emission, inherent photostability and long fluorescent lifetime.
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